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ABSTRACT 

An investigation was carried out with tomato PKM 1 variety to standardize seed biopriming treatment with 
bio-agents viz., Bascillus subtillus 1, Methylobacterium extorquens AM 1 and Pseudomonas fluorescens Pf 1 with 
different concentration viz., 1%, 2%, 4%, 6%, 8% and 10% for 9 h duration along with hydropriming for 9 hours. 
The nonprimed seed formed the control Seed bioprinted with Pseudomonas fluorescens Pf 1@ 8% concentration for 9 It 
expressed high speed of germination, germination, root length, shoot length, dry matter production and vigour index 
which accounted for 18, 14, 26, 46, 13 and 55 % increase respectively, over nonprimed seed. 
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INTRODUCTION 

Vegetables constitute a major part in terms of providing food and nutritional security in Indian 
subcontinent. Vegetables are important sources of minerals, vitamins and other nutrients. The production and 
productivity of different vegetable crops have been increased significantly in the past twenty years as a result of 
research and development. Solanaceous vegetables like tomato, brinjal and chilli have high demand in the country. 
Tomato ( Solatium lycopersicum L.) is one of the important vegetable crops of the world and is widely cultivated 
throughout the tropical and subtropical countries. Seed treatment with bio-control agents the process often known 
as bio-priming may serve as an important means of managing many of the soil and seed-borne diseases 
(Taylor and Harman, 1990). PGPR application through seed priming or soaking the seeds in liquid bacterial 
suspension starts the physiological processes inside the seed while radicle and plumule emergence is prevented 
until the seed is sown (Anitha et al., 2013). The start of physiological process inside the seed enhances the 
abundance of PGPR in the spermosphere (Taylor and Harman, 1990). This proliferation of antagonist PGPR inside 
the seeds is 10 folds higher than the effect of attacking pathogens, which enables the plant to survive against those 
pathogens (Callan et al. 1990). This affirm the increasing the use of bio-control agents for biopriming of seeds. 

MATERIALS AND METHODS 

Genetically pure seeds of tomato PKM 1 were obtained from Horticultural College and Research Institute, 
Periyakulam were bioprimed with bio-agents Bascillus subtillus 1 Methylobacterium extorquens AM 1 and 
Pseudomonas fluorescens Pf 1 obtained from the Department of Agricultural Microbiology and Department of 
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Plant pathology, Tamil Nadu Agricultural University, Coimbatore. 

The laboratory experiment was conducted to standardize an optimum concentration of seed biopriming with 
bioagents for improved seed germination and seedling growth in completely randomized design (CRD) at the Department 
of Seed Science and Technology, Tamil Nadu Agricultural University, Coimbatore. 

For priming treatments, the seeds of tomato PKM 1 were soaked in equal the volume of water for 1, 2, 4, 6, 8 and 
10 per cent concentration of Methylobacterium extorquen AM 1 (liquid), Bascillus subtillus 1 (powder), Pseudomonas 
fluorescens Pf 1 (liquid) solutions and in plain water for 9 h separately. The nonprimed seed served as control. After 
priming, the seeds were dried back to the original moisture content under shade. The laboratory germination test was 
carried out in four replicates of 100 seeds each from individual treatments using top of paper method. 

Speed of Germination 

During the germination test period, the emergence of the seedlings with the cotyledons and plumule was counted 
daily from 2 nd day until 14 lh day of sowing. From the number of seeds germinated on each day, the speed of germination was 
calculated using the following fonnula and the results were expressed in number (Maguire, 1 962). 

X X — X x — X 

Speed of germination = — -+ — L + + — 0 

Y Y Y 

1 1 1 2 1 n 

Where, 

Xi- Number of seeds germinated at first count 
X 2 - Number of seeds germinated at second count 
X n - Number of seeds germinated on n lh count 
Y r Number of days from sowing to first count 
Y 2 - Number of days from sowing to second count 
Y„- Number of days from sowing to n th count 
Germination Percentage 

The germination test was conducted in quadruplicate using 100 seeds each with 4 sub replicates of 25 seeds in roll 
towel method using the paper medium (ISTA, 2009). The test conditions of 25 ± 2°C temperature and 95 ± 3 per cent 
relative humidity were maintained in germination room. At the end of 14 days, the numbers of normal seedlings were 
counted and the mean was expressed in percentage. 

Root Length 

At the time of germination count, ten normal seedlings were selected at random from each replication and used for 
measuring the root length of seedlings. Root length was measured from the point of attachment of seed to the tip of 
primary root. The mean values were calculated and expressed in centimetre. 

Shoot Length 

The seedlings used for measuring root length were also used for measuring shoot length. The shoot length was 
measured from the point of attachment of seed to the tip of the leaf and the mean values were expressed in centimetre. 
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Dry Matter Production 

The ten seedlings used for growth measurement were air dried for 6 h and then in a hot air oven maintained at 85 ± 2 
C for 24 h and cooled in desiccator containing silica gel for 30 min. The dry weight of seedlings was recorded using electronic 
balance. 

The mean dry weight of the seedlings was determined and recorded as mg 10 seedlings "'. 

Vigour Index 

Vigour index values were computed using the following formulae and the mean values were expressed in whole 
number (Abdul-Baki and Anderson, 1973). Vigour index = Germination percentage x (Seedling length). 

The data obtained from different experiments were analysed for the ‘F’ test of significance following the methods 
described by Panse and Sukhatme (1985). 

RESULTS AND DISCUSSIONS 

Seed Biopriming with Bacillus Subtillus 1 

Significant variations were observed for speed of germination, germination, root and shoot length, dry matter 
production and vigour index due to priming treatment with different concentrations of Bacillus subtillus. The seeds 
bioprimed with Bacillus subtillus 1 @ 6% concentration for 9 h registered higher speed of germination (8.9) and 
germination (87%) than nonprimed seed (Figure 1). An increase of 13% was noticed for germination due to seed 
biopriming with Bacillus subtillus 1 @ 6% concentration for 9 h over nonprimed seed. Seedlings from Bacillus subtillus 1 
@ 6% for 9 h treatment measured the longest root (13.4 cm) and shoot (7.0 cm) while the shortest root and shoot was 
observed in nonprimed seed (11.3 and 4.4 cm, respectively). Seeds bioprimed with Bacillus subtillus 1 @ 6% 
concentration for 9 h produced the maximum dry matter production (22. 1 mg 10 seedlings" 1 ) followed by Bacillus subtillus 
1@ 4% for 9h (21.6 mg 10 seedlings" 1 ), and the minimum dry matter production was recorded in nonprimed seed 
(19.7 mg 10 seedlings" 1 ) (Table 1). Seeds bioprimed with Bacillus subtillus 1 @ 6% concentration for 9 h also registered m 
vigour (1774) when compared to other concentrations while the vigour index value of 1161 was recorded in control. 
(Figure 2). 


Table 1: Effect of Seed Biopriming with Different Concentration of Bacillus 

Subtillus 1 on Germination and Seedling Growth in Tomato cv. PKM 1 Seeds 


Treatments 

Speed of 
Germination 

Root 

Length 

(cm) 

Shoot 

Length 

(cm) 

Germination 
(%) * 

Dry Matter 
Production 
(mg Seedlings" 10 ) 

Vigour 

Index 

To 

7.8 

11.3 

4.4 

74(59.83) 

19.7 

1161 

T, 

8.0 

11.9 

4.7 

76(60.72) 

20.7 

1261 

T, 

8.4 

12.2 

5.4 

80(63.40) 

21.3 

1408 

t 3 

8.6 

12.4 

5.7 

82 (64.95) 

21.4 

1484 

t 4 

OO 

00 

12.7 

6.6 

85 (67.63) 

21.6 

1640 

t 5 

8.9 

13.4 

7.0 

87 (69.70) 

22.1 

1774 

t 6 

8.5 

12.3 

5.8 

84(66.42) 

21.1 

1520 

t 7 

8.4 

12.0 

5.6 

83(65.65) 

20.9 

1460 

Mean 

8.4 

12.2 

5.6 

81(64.16) 

21.1 

1441 

SEd 

0.10 

0.16 

0.09 

0.80 

0.24 

18.25 

CD (P=0.05) 

0.21 

0.34 

0.19 

1.65 

0.51 

37.66 


* - Values in parentheses are arcsine transformed values 
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Treatment Details 

T 0 - Nonprimed seed 
T i - Hydropriming for 9 h 

T? - Bacillus subtillus 1@ 1% concentration for 9 h 

T 3 - Bacillus subtillus 1@ 2% concentration for 9 h 

T 4 - Bacillus subtillus 1@ 4% concentration for 9 h 

T 5 - Bacillus subtillus 1@ 6% concentration for 9 h 

T 6 - Bacillus subtillus 1@ 8% concentration for 9 h 

T 7 - Bacillus subtillus 1@ 10% concentration for 9 h 

Seed Biopriming with Methylobacterium Extorquens AM 1 

Tire speed of germination, germination, root and shoot length, dry matter production and vigour index were 
significantly influenced by biopriming treatment with different concentration of Methylobacterium extorquens AM 1. 
The results indicated the better performance of Methylobacterium extorquens AM 1 @ 4% concentration for 9 h with 
respect to speed of germination (8.8). The lowest speed of germination of 7.8 was noticed in nonprimed seed which was on 
par with hydropriming for 9 h (8.0). Seeds primed with Methylobacterium extorquens AM 1 @ 4% concentration for 9 h 
also recorded higher germination (85%) which showed an increase of 11% over nonprimed seed (Figure 1). Seeds 
bioprimed with Methylobacterium extorquens AM 1@ 4% concentration for 9 h measured the longest root (13.5 cm) and 
shoot (6.1 cm) compared to nonprimed seed (11.3 and 4.4 cm, respectively). The biopriming involving Methylobacterium 
extorquens AM 1@ 4% concentration for 9 h registered higher dry matter production (22.8 mg 10 seedlings" 1 ) followed by 
Methylobacterium extorquens AM 1@ 2% concentration for 9 h (21.8 mg 10 seedlings" 1 ). The dry matter production of 
Methylobacterium extorquens AM 1@ 1% concentration for 9 h, hydroprimed seed for 9 h and nonprimed seed was 20.3 
mg 10 seedlings" 1 , 20.0 mg 10 seedlings" 1 and 19.7 mg 10 seedlings" 1 which were on a par with each other (Table 2). 
Compared to other concentrations and nonprimed seeds (1161), the Methylobacterium extorquens AM 1 @ 4% for 9 h 
registered maximum vigour index value (1666) (Figure 2). 

Table 2: Effect of Seed Biopriming with Different Concentration of Methylobacterium 

Extorquens AM 1 on Germination and Seedling Growth in Tomato cv. PKM 1 Seeds 


Treatments 

Speed of 
Germination 

Root 

Length 

(cm) 

Shoot 

Length 

(cm) 

Germination 
(%) * 

Dry Matter 
Production 
(mg seedlings' 10 ) 

Vigour 

Index 

To 

7.8 

11.3 

4.4 

74(59.83) 

19.7 

1161 

Ti 

8.0 

11.9 

4.7 

76(60.05) 

20.0 

1261 

t 2 

8.3 

12.1 

5.1 

80(63.40) 

20.3 

1376 

t 3 

8.5 

13.1 

5.5 

84(66.42) 

21.8 

1562 

t 4 

8.8 

13.5 

6.1 

85 (67.63) 

22.8 

1666 

t 5 

8.4 

12.6 

5.4 

84(66.42) 

21.4 

1512 

t 6 

8.4 

12.4 

5.2 

83(65.65) 

21.1 

1460 

t 7 

8.3 

12.0 

5.1 

82 (64.95) 

20.1 

1402 

Mean 

8.3 

12.3 

5.1 

81(64.95) 

20.9 

1409 


NAAS Rating: 3. 53 


Impact Factor (JCC): 4.8136 




Standardization of Concentration of Bio-Agents for Enhanced Seedling Growth of Tomato CV. PKM 1 


391 


Table 2: Contd., 

SEd 

0.12 

0.18 

0.05 

1.04 

0.21 

21.03 

CD (P=0.05) 

0.24 

0.37 

0.11 

2.15 

0.43 

43.41 


* - Values in parentheses are arcsine transformed values Treatment details 


T 0 - Nonprimed seed 
T i - Hydropriming for 9 h 

T 2 - Methylobacterium extorquens AM 1 @1% concentration for 9 h 
T 3 - Methylobacterium extorquens AM 1 @ 2% concentration for 9 h 

T 4 - Methylobacterium extorquens AM 1 @ 4% concentration for 9 h 

T 5 - Methylobacterium extorquens AM 1 @ 6% concentration for 9 h 

T 6 - Methylobacterium extorquens AM 1 @ 8% concentration for 9 h 

T 7 - Methylobacterium extorquens AM 1 @ 10% concentration for 9 h 
Seed Biop riming with Pseudomonas Fluorescens Pfl 

Significant differences were observed for speed of germination, germination, root and shoot length, dry matter 
production and vigour index due to priming treatment with different concentration of Pseudomonas fluorescens Pf 1. 
The seeds bioprimed with Pseudomonas fluorescens Pf 1 @ 8% for 9h registered higher speed of germination (9.2) and 
germination (88%) than nonprimed seed (Figure 1). An increase of 14% was noticed for germination due to Pseudomonas 
fluorescens Pf 1 @ 8% concentration for 9 h biopriming over nonprimed seed (Table 3). Seedlings from the seeds 
bioprimed with Pseudomonas fluorescens Pf 1@ 8% concentration for 9 h measured the longest root (14.2 cm) and shoot 
(6.2 cm) and the shortest root and shoot was observed in nonprimed seed (11.3 and 7.8 cm, respectively). Seeds bioprimed 
with Pseudomonas fluorescens Pf 1 @ 8% concentration for 9 h produced the maximum dry matter production (22.2 mg 
10 seedlings" 1 ) followed by Pseudomonas fluorescens Pf 1 @ 6% concentration for 9 h (21.9 mg 10 seedlings" 1 ) which 
were on par with each other. The dry matter production was the minimum in nonprimed seed (19.7 mg 10 seedlings" 1 ). 
Pseudomonas fluorescens Pf 1@ 8% concentration for 9 h treatment also registered more vigour (1795) when compared to 
other treatments. The vigour index value of control was only 1161 (Figure 2). 

The present study, revealed that the seed biopriming with Pseudomonas fluorescens Pf 1 @ 8% concentration for 
9 h was found to be the best biopriming treatment for improving the seed germination (Figure 3) and seedling vigour of 
tomato cv. PKM l(Figure 4). 


Table 3: Effect of Seed Biopriming with Different Concentration of Pseudomonas 

Fluorescens Pf 1 on Germination and Seedling Growth in Tomato cv. PKM 1 Seeds 


Treatments 

Speed of 
Germination 

Root 

Length 

(cm) 

Shoot 

Length 

(cm) 

Germination 
(%) * 

Dry Matter 
Production 
(mg seedlings' 10 ) 

Vigour 

Index 

To 

7.8 

11.3 

4.4 

74(59.83) 

19.7 

1161 

T, 

8.0 

11.9 

4.7 

76(60.72) 

20.0 

1261 

t 2 

8.5 

12.2 

5.7 

79(62.82) 

21.2 

1414 

t 3 

8.8 

12.4 

5.8 

84(66.42) 

21.4 

1528 

t 4 

9.0 

13.1 

5.9 

85 (67.63) 

21.7 

1615 
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Table 3: Contd., 

t 5 

9.1 

14.1 

6.0 

85 (67.63) 

21.9 

1708 

t 6 

9.2 

14.2 

6.2 

88 (70.04) 

22.2 

1795 

t 7 

8.5 

12.5 

5.8 

77(61.69) 

21.1 

1409 

Mean 

8.6 

12.7 

5.5 

81(64.16) 

21.15 

1486 

SEd 

0.10 

0.14 

0.06 

1.04 

0.21 

22.60 

CD (P=0.05) 

0.21 

0.30 

0.14 

2.15 

0.43 

46.65 


* - Values in parentheses are arcsine transformed values 


Treatment Details 

T 0 - Nonprimed seed 
T i - Hydropriming for 9 h 

T 2 - Pseudomonas fluorescens Pf 1 @ 1% concentration for 9 h 

T 3 - Pseudomonas fluorescens Pf 1 @ 2% concentration for 9 h 

T 4 - Pseudomonas fluorescens Pf 1 @ 4% concentration for 9 h 

T 5 - Pseudomonas fluorescens Pf 1 @ 6% concentration for 9 h 

T 6 - Pseudomonas fluorescens Pf 1 @ 8% concentration for 9 h 

T 7 - Pseudomonas fluorescens Pf 1 @ 10% concentration for 9 h 

Several studies showed that biopriming was very useful for better seed germination, seedling vigour and disease 
management in many crops viz., groundnut (Malathi and Doraisamy, 2004), pea (Mohamedy and Baky, 2008), maize 
(Nayaka et al., 2008), chilli, tomato and brinjal (Someshwar and Sitansu, 2010). Higher germination and enhanced 

seedling establishment was also obtained through seed priming with PGPR (Anitha et al., 2013) and PGPR inoculation 

increased the stress resistance and production of the crops; including tomato (Almaghrabi et al., 2013), wheat (Jaderlund et 
al., 2008; Chakraborty et al., 2013; Nadeem et al. 2013; Islam et al. 2014; Kumar et al. 2014), rice (Bal et al., 2013; Jha et 
al., 2013; Lavakush et al., 2014), soybean (Masciarelli et al., 2014), groundnut (Paulucci et al., 2015), broad bean 
(Younesi and Moradi, 2014), maize (Rojas-Tapias et al., 2012) and chickpea (Patel et al., 2012). 

90 
85 
80 
75 
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TO T1 T2 T3 T4 T5 T6 T7 

Treatments ■ Bacillus subtillus 1 

uMethylobacteriumextorquensAMl 
■ Pseudomonas fluorescens Pfl 

Figure 1 : Effect of Biopriming of Seeds with Different Concentration of Bacillus Subtillus 1, Methylobacterium 
Extorquens AM 1, Pseudomonas Fluorescens Pf 1 on Germination % in Tomato cv. PKM 1 Seeds 
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Bacillus sp. and Pseudomonas sp. are used as biocontrol agent against diseases that are soilborne and airborne. 
These bacteria may produce compounds that are antibiosis as chitinase enzyme that can hydrolyze the cell walls of fungi 
(Wang and Chang, 1997), siderophores and other antibiotics that can inhibit the development of pathogens (Habazar and 
Yaherwandi, 2006). Biopriming has been practiced and explained by different researchers (Callan et al., 1991; Bennett et 
al., 2009; Moeinzadeh et al., 2010; Chakraborty et ah, 2011; Sharifi, 2011; Sharifi and Khavazi, 2011; Gururani et ah, 
2012; Mirshekari et ah, 2012; Sharifi, 2012). (Bennett, 1998) reported that bio-osmopriming can significantly enhance the 
uniformity of seed germination and plant growth traits when associated with bacterial coating and better stand 
establishment. 

Studies also revealed that the possible mechanism by which Methylobacterium promotes plant growth includes 
production of phytohormones such as indole 3 acetic acid (IAA), cytokinin or vitamins (Basile et al., 1985; Koenig et ah, 
2002, Lidstrom and Chisto serdova, 2002), enhancement of nitrogen metabolism in plants by bacterial urease (Holland and 
Polacco, 1992), formation of root nodules in legumes (Sy et ah, 2001), nitrate reductase activity and 1 amino cyclopropane 
lcarboxylate deaminase activity (Madhaiyan et ah, 2006). The improvement in seedling vigour parameters due to seed 
biopriming with Methylobacterium extorquens AM 1 4 % concentration for 9 h could be possibly because of the 
production of germination accelerating and growth promoting substances. Similar findings have also reported an increase 
in the percentage of seed germination, seed vigour and dry matter accumulation (Madhaiyan et ah, 2004; Madhaiyan et al., 
2005; Lee et ah, 2006) with inoculation of strains of Methylobacterium. Higher speed of germination, germination, root 
length, shoot length, dry matter production and vigour index in Pseudomonas fluorescens Pf 1 8% concentration for 9 h 
which accounted for 18, 14, 26, 46, 13 and 55 % increase over nonprimed seed in this present study is in agreement with 
the findings of Hatayama (2005) who reported that PGPR such as Bacillus sp. and Pseudomonas sp. are capable of 
providing a direct influence that can trigger the growth of plants (biostimulant), while the indirect effect that the bacteria is 
able to inhibit the growth of harmful microbes. 

2000 
1800 
1600 
S 1400 
] 1200 
1 1000 
| 800 
> 600 
400 
200 
0 

TO T1 T2 TB T4 T5 T6 T7 
Treatments bacillus subtillus 1 

■ Methylobacterium extorquens AMI 
□ Pseudomonas fluorescens Pfl 

Figure 2: Effect of Biopriming of Seeds with Different Concentration of Bacillus Subtillus 1, Methylobacterium 
Extorquens AM 1, Pseudomonas Fluorescens Pf 1 on Vigour Index in Tomato cv. PKM 1 Seeds 
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Control Pseudomonas flu ores cens Pf 1 @ 8°/o for 9 h 



Figure 3: Effect of Biopriming of Seeds with Pseudomonas Fluoresceits Pf 1 

8% for 9 H on Speed of Germination in Tomato cv. PKM 1 Seeds 



Figure 4: Effect of Biopriming of Seeds with Pseudomonas Fluoresceits Pf 1 
8% for 9 FI on Germination % for Tomato Cv. PICM 1 Seeds 


CONCLUSIONS 

The application of bacteria to small seeded crops which can imbibe the bacterial suspension results in entry of 
bacteria inside the seed. Biopriming gives control against several root rot diseases and also enhances seed vigour so can be 
used commercially as an alternative to fungicides. It is summarized from this study that, seed biopriming with liquid 
Pseudomonas fluorescens Pf 1 @ 8% concentration for 9 h or powder Bacillus subtillus 1 @ 6% concentration for 9 h or 
liquid Methylobacterium extorquens AM 1 @ 4% for 9 h was found to be the best biopriming treatment for improving the 
seed germination and production of vigourous diseases free seedling vigour of tomato. 
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